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EVALUATION OF NOISE LEVEL OF REFRIGERATION EQUIPMENT 

1. Introduction.: 

It has been recognized that continuing exposure to loud noises 
may result in permanent impairment of hearing. This condition is 
a recognized physical disability under many lavs in this country. 
Impaired hearing is a matter of significant concern to the mili- 
tary, as this condition may affect the combat efficiency of the 
individual solider. Refrigeration equipment is used extensively 
by military personnel -under varying conditions. The Surgeon 
General, to protect the military and to control noise pollution, 
imposed a noise-level limit on gasoline-engine-driven refrigeration 
units. The evaluation is the result of this action by The Surgeon 
General. 

2. Objectives: 

The objectives of the evaluation of refrigeration units were: 

a. Determine the noise level at the operator's position for 
refrigeration units as received. 

b. Determine the effect of the addition of a muffler and/or 
acoustical material, on the noise level at the operator's position 
for the refrigeration units. 

c. Determine the back pressure in the exhaust manifold of 
each refrigeration unit after assembly of the various mufflers. 

d. Determine the distance in front of, to the left and to 
the right of the refrigeration units for the 90-deribel noise 
level. 

e. Determine the levels at the operator's position of the 
octave bands for the 150 to 300, 300 to 600, 600 to 1200, 1200 
to 2^00, 2^00 to 4800, 4800 to 10,000 cycles per second bands 
for each refrigeration unit in the various configurations. 

3. Test Items: 

The 3000-Btu/hr capacity, the 5000-Btu/hr capacity, and the 
9000-Btu/hr capacity refrigeration units were evaluated. The 
3000-Btu/hr capacity refrigeration unit was manufactured to 
conform with Military Specification MIL-R-V303I.1 The gasoline 
engine is identified as Engine, Gasoline:  Air Cooled, 
Industrial Type, k  Cycle, Military Design, Model 2A016.  The 
compressor conformed to Type I, MIL-STD-279.2 The refrigera- 
tion unit as received had an open exhaust without a muffler. 



The refrigeration unit was assembled to and operated with a 70- 
cubic foot refrigerator conforming to Military Specification 
MIL-R-^3024.3 

The 5000-Btu/hr capacity refrigeration unit was,manufactured 
to conform with Military Specification MIL-R-12574, *" The gasoline 
engine was identified as Engine, Gasoline: Air Cooled, Industrial 
Type, k  Cycle, Military Design, Model 2A016. The compressor con- 
formed to Type I, MIL-STD-279' The refrigeration unit as received 
had an open exhaust without a muffler. The refrigeration unit 
was assembled to and operated with a 150-cubic foot refrigerator 
conforming to Military Specification MIL-R-12571.5 

The 9000-Btu/hr capacity refrigeration unit was j-nanufactured 
to conform with Military Specification MIL-R-10735.  The gasoline 
engine was identified as a multicylinder, air cooled, h  cycle, 
7.1 brake horsepower at l800 revolutions per minute, conforming 
to Group I, Military Specification MIL-E-11275.  The compressor 
conformed to Type II, MIL-STD-279. The r3frigeration unit as 
received was equipped with an Onan Muffler. The refrigeration 
unit was assembled to and operated with a semi-trailer refrigerator, 
series M3^9, Military Specification MIL-S-62034.8 

h.    Noise Level Requirement: 

The maximum acceptable noise level at the operator's position 
for both the JOGG ptu/hr capacity and the 5000-Btu/hr capacity 
refrigeration unit was established in the latest revision of the 
applicable military specifications, MIL-R-U303I and MIL-R-1257^, 
as ninety decibels on the "C" scale (90 dBC). Neither the 3000 
Btu/hr capacity refrigeration unit nor the 5000-Btu/hr capacity 
refrigeration unit were designed or manufactured to conform to the 
90-dBC noise level requirement. An acceptable noise level maximum 
was not specified for the 9000-Btu/hr capacity refrigeration unit. 

5. Test Method: 

The test methods for the 3OOO-Btu/hr capacity and the 500C-Btu/ 
hr capacity refrigeration units were essentially identical. As 
stated, the 3000-Btu/hr capacity refrigeration unit was assembled 
to a (O-cubic foot refrigerator for the various evaluations. The 
5000-Btu/hr capacity refrigeration unit was assembled to a 150- 
cubic foot refrigerator. 

The refrigerator with the refrigeration unit in place wa.s 
positioned on a flat outdoor space free of any buildings or 
reflecting surfaces for a distance of not less than fifty feet. 



The surface was asphalt material and free of loose soil or snow. 
The level of the ambient noise was obtained to determine that the 
ambient noise level was at least ten decibels lower than the equip- 
ment noise level. The wind velocity was obtained prior to obtain- 
ing the equipment noise level. Noise level measurements were not 
taken when the wind velocity exceeded twelve miles per hour. A 
General Radio Compa-iy Model 1551-B Sound Level Meter was used to 
obtain the noise level at the operator's position and the distance 
for the 90-d.ecibel levels in front of, to the left and to the 
right of the refrigeration units. A General Radio Ccmpany Model 
1550A Octave Band Analyzer was used tö obtain the ncise level of 
the various octave bands. The General Radio Company Model 1551B 
Sound Level Meter reproduces within plus or minus two decibels. 
The decibel readings from the General Radio Company Model 1550A 
Octave Band Analyzer vary between one and three percent for the 
various bands, less than three decibels foi the maximum condition. 
A point, two feet in the center and in front of the refrigeration 
unit, and four feet above the surface was established as the 
operator's position and the point to be used for the noise level 
readings of the octave bands. It was agreed at a meeting with 
Surgeon General personnel that this point is the approximate 
position of the mere exposed ear of personnel who service and 
maintain the equipment. 

To obtain the noise level at the operator's position, the 
3000-Btu/hr capacity refrigeration unit with the open exhaust was 
operated at the rated load. The sound level meter was placed at 
the point designated as the operator's position and decibel readings 
obtained. The meter was moved until the 90-decibel reading was 
obtained. The distance from the 90-dBC point to the refrigeration 
unit was obtained and recorded.  The "C" scale value was used 
because the limits by the Surgeon General in Department of the 
Army Technical Bulletin TB MED-25l9 are specified in "C" weightings. 
The procedure was repeated to the left and to the right of the 
refrigeration unit. The sound level meter is positioned in both 
instances on the centerline through the unit. The octave band 
analyzer was placed at the designated operator's position, and de- 
cibel readings were obtained and recorded for the 20 to 75, 75 to 
150, 150 to 300, 300 to 600, 600 to 1200, 1200 to 2400, 2^00 to 
4800, and 4800 to 10,000 cycles per second sound bands. 

A Nelson Muffler, Number 1066, was added to the refrigeration 
unit. The refrigeration unit was operated at the rated load and 
the noise level at the operator's position, the ^O-dBC  distances, 
and the octave band data were obtained and recorded. In addition, 
a water manometer was connected to the exhaust manifold and back 
pressure readings were obtained and recorded. 



The Nelson muffler was removed and a Hapco to39-l4l6 Muffler 
added. The refrigeration unit was operated at the rated load. 
The noise level at the operator's position, the distance for the 
ninety-decibel noise level, the noise level for the various octave 
bands, and the back pressure in the exhaust manifold were obtained 
and recorded. 

The method to obtain data on the 3000-Btu/hr capacity refrig- 
eration uni"c was used, essentially, to obtain data on the 5000- 
Btu/hr capacity refrigeration unit with the following exceptions: 
Two different Hapco mufflers and two types of sound absorbing 
acoustical material were evaluated. Noise level data was obtained 
and recorded of the unix with the open exhaust, after assembly of 
a muffler, with acoustical material behind and at the bottom of the 
area which contains the gasoline engine and the compressor, and 
with the various muf flirs and acoustical materials used in combi- 
nations. Back pressure in the exhaust manifold after assembly of 
the various mufflers was obtained and recorded. 

The evaluation of the 9000-Btu/hr capacity refrigeration unit 
was made with the uni+ ascembled to a semi-trailer refrigerator 
less the tractor. The operator's position was a point two feet in 
front and center of the unit and eight feet above the surface. The 
semi-trailer and refrigeration unit were placed on a flat outdoor 
space free of buildings or any reflecting surfaces for a distance 
of not less than fifty feet. The refrigeration unit was operated 
at the rated load, and the noise level data at the operator's 
position, the distance to the 90-decibel noise level in three 
positions,and the noise level at the operator's position for the 
various octave bands were obtained and recorded. 

6. Results: (Tables of test results will be found in Appendix B.) 

The res nts of the noise level and back pressure tests of the 
3000-Btu/h. oacity refrigeration unit with the open exhaust and 
with each of two different mufflers are detailed in Table I. 

The results of the noise level and back pressure tests of the 
S000-Btu/hr capacity refrigeration unit with the open exhaust and 
with each of three different mufflers are detailed in Table II. 

The results of the noise level tests of the 5000-Btu/hr capacity 
refrigeration unit winh the open exhaust and each of the two acous- 
tical materials are detailed in Table III. 

The results of the noise level tests of the 5000-Btu/hr capacity 
refrigeration unit with the Nelson Muffler No. 1066 and each of two 
acoustical materials are detailed in Table IV. 



The results of the nr ;e level tests of the 500C Btu/hr capacity 
refrigeration unit with trie Hapco M39-l^l6 Muffler and each of two 
acoustical materials are detailed in Table V. 

The results of the noise level tests of the 5000-Btu/hr capacity- 
refrigeration unit with the Hapco M39-I-SI Muffler and each of two 
acoustical materials are detailed in Table VI. 

The results of the noise level tests of the 9000-Btu/hr capacity 
refrigeration unit equipped with the Onan Muffler are detailed in 
Table VII. 

The back pressure in the exhaust manifold of the 3000-Btu/hr 
capacity and the 5000-Btu/hr capacity refrigeration units after 
assembly of the various mufflers exceeded ths eight inches of water 
specification requirement. 

The noise level at the operator's position for each of the 
three refrigeration un.its tested as received, with a muffler, with 
acoustical material, ar i with a muffler and acoustical material 
varied from 99 dBC to 103 dBC, reference Figure 1.  (See Appendix A.) 

The noise level for the 3000-Btu/hr capacity refrigeration unit 
with the open exhaust exceeded the limits specified in the Depart- 
ment of the Army Technical Bulletin, TB MED-251, for the 300 tc 600, 
600 to 1200, and 1200 to 2400 cycles per second frequency bands, 
reference Figure 2. 

The noise level for the 3000-Btu/hr capacity refrigeration unit 
with the Nelson Muffler lCt'6 and the Hapco Muffler M39-l4lo exceeded 
the limits of the Department of the Army Technical Bulletin, TP MED- 
251, for the 150 to 300, 300 to 6OO, 600 to 1200, 1200 to 2400, and 
2400 to 4800 cycles per second frequency bands, reference Figure 2. 

The noise level for the 5000-Btu/hr capacity refrigeration unit 
with the open exhaust exceeded the limits opecr'.fied in the Depart- 
ment of the Army Technical Bulletin, TB MED-251, fcr the 150 to 300, 
300 -co 600, 600 to 1200, 1200 to 2^00, °^00 to WOO, and 4800 to 
10,000 cycles per second frequency b^nds, reference Figure 3- 

The noise level of the 5000-Ftu/hr capacity refrigeration unit 
with the open exhaust and each of two  acoustical materials exceeded 
the lirits specified in the Department of the Army Technical Bulle- 
tin, TB MED-251, for the 300 to 600, 600 to 1200, 1200 to 2k JO, and 
2^00 to 4800 cycles per second frequency bands, reference Figure 3. 



The noise level for the 5000-Btu/hr capacity refrigeration 
unit with the Nelson Muffler 106f and with the Nelson Muffler and 
each of two acoustical materials exceeded the limits specified in 
the Department of the Army Technical Bulletin, TB MED-251 for the 
300 to 600, 600 to 1200, 1200 to 2400 and 2400 to «800 cycles per 
second frequency bands, reference Figure 4. 

The noi&e level for the 5000-Btu/hr capacity refrigeration 
unit with the Hapco Muffler M39-I4I6 and with the Hapco M39-1416 
Muffler and each of two acoustical materials exceeded the limits 
specified in the Department of the Army Technical Bulletin, TB 
MED-251, for the 300 to 600, 600 to 1200, 1200 to 2400, and 240C 
to 4800 cycles per second frequency bands, reference Figure 5« 

The noise level for the 5000-Btu/hr capacity refrigeration 
unit with the Hapco Muffler M39-I-SI and with the Hapco Muffler 
M39-I-SI and each of two acoustical materials exceeded the limits 
specified in the Department of the Army Technical Bulletin, TB 
MED-251, for the 150 to 300, 300 to 600, 600 to 1200, 1200 to 
2'+00, 2400 to 48OO cycles per second frequency bands, reference 
Figure 6. 

The noise level for the 9000-Btu/hr capacity refrigeration unit 
with the Or.an Muffler exceeded the limits specified in the Depart- 
ment of the Army Technical Bulletin, TB MED-251, for the 300 to 
600, 600 to 1200, and 1200 to 2400 cycles per second frequency bands, 
re Terence Figure J. 

7. Summary: 

The following refrigeration -units in the configuration specified 
exceeded the 90-dBC acceptable maximum noise level at the operator's 
position in the Department of the Army Technical Bulletin, T3 MED- 
251, Noise and Conservation of Hearing: 

3000-Btu/hr capacity refrigeration unit with open exhaust. 
5000-Btu/hr capacity refrigeration unit with open exhaust. 
9000-Btu/hr capacity refrigeration unit with the Or.an Muffler. 
3000-Btu/hr capacity refrigeration unit with the Nelson Muffler 1066. 
3000-Btu/hr capacity refrigeration unit with the Hapco Muffler M39-1416. 
5000-Btu/hr capacity refrigeration ur.ti with the open exhaust and T3G- 

200 BF acoustical material. 
5000-Btu/hr capacity refrigeration unit with the open exhaust and 

TEC-100 acoustical material. 
5000-Btu/hr capacity refrigeration unit with the Nelson Muffler IO66. 
5000-Btu/hr capacity refrigeration -unit with the Nelson Muffler 106c 

and TEC-200 BF acoustical material. 



5000-Btu/hr capacity refrigeration unix with the Nelson Muffler 
1066 and TEC-100 acoustical material. 

5000-Btu/hr capacity refrigeration unit with the Hapco Muffler 
M39-1U16. 

5000-Btu/hr capacity refrigeration unit with the Hapco Muffler 
M39-1416 and TEC-200 BF acoustical material. 

5000-Btu/hr capacity refrigeration unit with the Hapco Muffler 
M39-1416 and TEC-100 acoustical material. 

5000-Btu/hr capacity refrigeration unit with the Hapco Muffler 
M39-1-S1. 

5000-Btu/hr capacity refrigere+ion unit with the Hapco Muffler 
M39-1-S1 and TEC-200 BF acoustical material. 

5000-Btu/hr capacity refrigeration unit with the Hapco Muffler 
M"59-1-^1 and TEC-100 acoustical material. 

The addition of either a Nelson Muffler 1066 or a Hapco Muffler 
M39-l^l6 to the 3000-Btu/hr capacity refrigeration unit decreased 
the noise level at the operator's position from 101 dBC to 100 dBC. 

The addition of a Nelson Muffler 1066, a Hapco Muffler M39-l4l6, 
and a Hapco Muffler M39-I-SI to the 5000-Btu/hr capacity refrigeration 
unit decreased the noise level from 102 dBC to 100 dBC and 101 dBC, 
only. 

The addition of an acoustical material to the 5000-Btu/hr capa- 
city refrigeration unit with an open exhaust or with a specific 
muffler reduced the noise level by one decibel in four instances, 
did not make any change in three instances, and caused an increase 
of one decibel in one instance. 

The addition of any of the three mufflers to either the 3000- 
Btu/hr capacity refrigeration unit or the 5000-Btu/hr capacity 
refrigeration unit increased the back pressure in the exhaust mani- 
fold from the specification requirement of eight inches jf water. 

8. Conclusions: 

It is concluded that: 

a. The noise level at the operator's position for the 3000- 
Btu/hr capacity refrigeration unit exceeded the 90-dBC noise level 
requirement of Military Specification MIL-R-^3031D. 

b. The noise level at the operator's position for the 5000- 
Btu/hr capacity refrigeration unit exceeded the 90-dBC noise level 
requirement of Military Specification MIL-R-125T^F. 

I 



c. The noise level at the operator's position for the 9OOO- 
Btu/hr capac cj  reirigeration unit exceeded the 90-dBC maximum 
allowable noise le•/ 1 specified in the Department of the Army 
Technical Bulletin TB'MED-i^l. 

d. The addition of a muffler and acoustical material, either 
singly or in combination,, will not reduce the noise level at the 
operator's position for either the 3000-Btu/hr capacity refrigeration 
unit or the 5000-Btu/hr capacity refrigeration unit to the acceptable 
maximum noise level limit of 90-dBC. 

e. The noise level at the operator's position for the 3000-Btu/ 
hr capacity refrigeration unit, the 5000-Btu/hr capacity refrigeration 
unit »nd the 9000-Btu/hr capacity refrigeration unit far exceeds 
the level which reportedly can cause impairment of hearing. 

r 
1 
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Test Item Configuration 

A. Maximum specified by Surgeon General 
B. 3000 Btu/hr Refrigeration Unit, Open Exhaust 
C. 3000 Btu/hr Refrigeration Unit with Nelson 1066 Muffler 
D. 3000 Btu/hr Refrigeration Unit with Hapco M39-1416 Muffler 
E. 9000 Btu/hr Refrigeration Unit with Onan Muffler 
F. 5000 Btu/hr Refrigeration Unit with Open Exhaust 
G. 5000 Btu/hr Refrigeration U;>it with Open Exhaust and 

TEC-200 BF Acoustical laterial 
H.  5000 Btu/hr Refrigeration Uait with Open Exhaust and 

TEC-100 Acoustical Material 
I.  5000 Btu/hr Refrigeration Unit with Nelson 1066 Muffler 
J.  5000 Btu/hr Refrigeration Unit with Nelson Muffler and 

TEC-200 BF Acoustical Material 
K.  5000 Btu/hr Refrigeration Unit with Nelson Muffler and 

TEC-100 Acoustical Material 
L.  5000 Btu/hr Refrigeration Unit with Hapco M39-1416 Muffler 
M.  5000 Btu/hr Refrigeration Unit with Hapco M39-1416 Muffler and 

TEC-200 BF Acoustical Material 
N.  5000 Btu/hr Refrigeration Unit with Hapco M39-1A16 Muffler and 

TEC-100 Acoustical Material 
0.  5000 Btu/hr Refrigeration Unit with Hapco M39-1-S1 Muffler 
P.  5000 Btu/hr Refrigeration Unit with Hapco M39-1-S1 Muffler and 

TEC-200 BF Acoustical Material 
Q.  5000 Btu/hr Refrigeration Unit with Hapco M39-1-S1 Muffler and 

TEC-100 Acoustical Material 

Figure 1. Noise Level Comparison at Operator's Position 
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TABLE VII 

Test Results for the 9000 Btu/hr Capacity Refrigeration Unit 

WITH ONAN MUFFLER 

Noise Level at Operator's Position 
(dBC) 99 

Distance of 90 dBC Noise Level 

Front 9' 
Left 6' 
Right 9' 6" 

Band Noise Level (dBC)at operator's position 

20-75 cps 92 
75-150 cps 9 b 
150-300 cps 89 
300-600 cps 91 
600-1200 cps 90 
1200-2400 cps 88 
2400-4800 cps 85 
4800-10.000 CDS 77 

NOTE:  Surgeon General limits for octave 
band noise levels are stated in 
"C" scale values. 
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